The vegetable brassicas are an important crop worldwide and are of significant commercial value. In order to ensure our targets for food security are met it is important that these crops are continually improved to increase sustainability of production, increase nutritional quality and reduce waste. Development of resistances against both biotic and abiotic stress are recognised as being key. Plant breeding plays a vital role in addressing these issues through the development of new and improved varieties. This continued improvement is becoming evermore dependent on our ability to identify and introgress beneficial alleles from 'exotic' germplasm into elite breeding material. Increasingly, more diverse germplasm such as those found in genebanks is being screened for benificial allelic variation, however, plant breeders often find it difficult to make use of such material due to the time required to remove undesirable characteristics from progeny due to linkage drag. This article describes how we have attempted to overcome this and develop resources that make the diversity available within the Brassica oleracea genepool more accessible.
Introduction
Brassica vegetables within the U.K. are a significant crop and although the land area occupied by them is relatively small compared to the broad acre crops such as wheat and oilseed, their relative value is high. In terms of quantityproduced world wide, brassicas exceed 76.1 million tonnes, with the UK producing over 479 thousand tonnes with a farm gate value of £60 million (FAOSTAT 2010) . Vegetable brassicas have received a great deal of attention in the past five to ten years as scientific studies have demonstrated that there is a real basis to the claims that they are a "super food". Governments worldwide are now viewing both food security and health as areas of prime importance, which is helping to raise consumer awareness. Both the medical profession and consumers are as a result paying more attention to the nutritional content of their diet; added to this the UK government has promoted the consumption of at least five fruit or vegetable portions per day as part of a healthy diet. There has been some debate as to the efficacy of this campaign and it is seen that further evidence of the benefits of a diet rich in vegetables and fruits is required. The horticultural brassicas are beginning to provide the evidence for such a policy. This is due to their ability to deliver vitamins, minerals and antioxidants, while research is ongoing to demonstrate how they might act to reduce the risk of cancer and other diseases (Walley and Buchanan -Wollaston 2011; Traka and Mithen 2009).
Because of their commercial value, breeding within the horticultural brassicas has been seen as important to the UK industry and development of genetic resources has been recognized as playing a vital role in this programme. Within the UK this has been carried out at Wellesbourne since the formation of the National Vegetable Research Station in 1949. Since then research has focused on agronomy, nutrition, crop improvement, pests and disease, and weed control. This has resulted in the Wellesbourne site becoming a centre of excellence for Brassica genetics. More recently, this first class facility was incorporated into the newly formed School of Life Sciences at the University of Warwick; this amalgamation fosters the continuum between academia and translational crop genetics. This Fig. 1 Crop domestication may have only captured a subset of the alleles present in a species genepool and left 'useful' alleles behind. This is referred to as the founder effect. In the example, alleles have been captured during domestication to form crop types (broccoli, cauliflower, kale), but allele G was not incorporated into the domesticated genetic base, therefore allele G may be a variant that can enhance a desired phenotype Fig. 2 The schematic illustrates the principle behind capturing the genetic diversity in the form of Diversity Foundation Sets, then fixing this diversity in homozygous Diversity Fixed Foundation Sets article describes the resources being developed in the Warwick Crop Centre, which is based at the Wellesbourne site, and is maintaining the resources developed over the past 60 years.
Capturing genetic variation
The Warwick Genetic Resources Unit (WGRU) is part of the Crop Centre and is a genebank that holds the UK vegetable seed collections. Its remit is the collection, conservation, characterization and documentation of a range of crops and their wild relatives. It holds the UK collections of vegetable germplasm including brassicas, alliums, lettuce, carrot, radish and celery (http://www.warwick.ac.uk/ go/gru). The genebank holds over 6,000 accesions of brassica crops and represents an invaluable resource of alleles that could offer solutions to many of the problems of concern to plant breeders. Crop domestication and subsequent breeding efforts have resulted in modern crops with great variation in morphology but with a restricted genetic base sometimes referred to as 'allelic canalization' (Fig. 1) .
The reduced range of allelic diversity captured in the current domesticated gene pool may not be sufficient to respond to the challenges of local and, to a greater extent, global food security where phenotypes that are capable of resisting biotic and abiotic stress may be required (Reeves et al. 2012) . One of the best routes to introduce vigour into breeding programs is through the production of F1 hybrids, which allows the increased mixing and interaction between alleles causing hybrid vigour. Often breeders find genebank collections hard to deal with because of the abundance of material that makes selection difficult. To address this problem, diversity core collections have been produced where the aim is to represent the majority of the genetic variation in Genebank collections in a smaller, more manageable number of lines. Brassica diversity core collections are now available in France, the Netherlands, Korea and the UK. However, the difficulty with such collections is that most of the accessions are effectively variable populations. This means that using them for trait genetic analysis and genotyping is confounded by plantto-plant variation and heterozygocity of individual plants. As such it can be difficult to correlate results and to identify the specific allele responsible for a trait difference.
Recently, the concept of a core collection has been developed further by the generation of homozygous lines from the starting, or founder lines of the core collections. These new collections are termed Diversity Fixed Foundation Sets (DFFS) (Pink et al. 2008) . Lines within a DFFS are thus much more suited to trait genetics research, as experimental replication using genetically identical plants will greatly facilitate the dissection of the heritable component of a trait from the environmental effects. In addition, the polyploid ancestry of the Brassica genome, which is manifested as a high percentage of gene replication, makes it difficult to differentiate allelic variation at one locus from sequence differences between homologues in heterozygous germplasm. However, in the homozygous DFFS lines, apparent gene polymorphisms can now be attributed to differences between replicated loci. The selection of a reference sample from the available diversity is illustrated in Figure 2 .
The B.oleracea DFFS (BolDFFS) collection was developed with 376 founder accessions based on the EU GENRES core collection (Leckie et al., 1996) . These were mostly sourced from genebanks, but also included 25 fixed founder lines to encompass the parents of a number of mapping populations and other available DH lines. The collection was subdivided into 4 subsets of 94 to represent the diversity within the species sub-taxa and crop type, as
